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In Moent years inona81ns intere8t 1n the role played. 
by blood 11p1d8 1n certa1n 41seaa •• , partlcularl1y atnerosclerosla 
(22)" bas Pl'Ollpte4 wider " .. .reh 1n the f1e14 ot 11p14 aetaboll_ 
(28). Ifhat serum 11plds do not occur ln the tree tOl'll, but in 
coab1natlon With prote1n. aa lipoprotein complexes baa lcm; been 
known (59). BerId.Dg (47) 1n 1907 reported that .erum l1plde can-
not be extracted quant1tat1vely w1th ether. In 1929, Jlaeheboeut 
(35) 1solated a .erwa protein tNOtlon oonta1nins 11pld. by .eana 
ot preolpltat1na and re-cl1 •• o1ving •• rua prote1M at vU71ns pH 
1n aqueoul aaoniua 8Ultate 801u.t101'l1 ot varr1na ooncentrations. 
The reo •• t 1M".s. 1n O\U" lmotf1e4Se ot l1poprote1nl baa been 
made po.aible b7 the development ot • aua'ber ot new fraotionat1on 
methods. Betore eona14er1rC th ... _thoda, a briet 41aou •• lon ot 
the nature ot •• NII 1ipoprote1u 18 1n order. 
Serwa llpoprotelu are. W&\Ul117 divided. into two olaaaes t 
the alpha lipoproteins hartas a molecular welabt of about 200,000, 
and the beta 1lpoprotelna having a .ol .. ul~ we18ftt ot about 
1,300,000 (44). 1ar17 worke ... had augeate4 that lome _11 
d1ttereno.. 10 the composition ot the 11»14 aole_ 1ft the lipo-
protein complue. probably ex1ated. However, ",lunee ..... to be 
aooumulat1ng that there are two or IIOra 11poproteaa ln eaoh ot 
the alpha and beta lipoprotein cla •••• (29). AD lnve.t1ptlon ot 
. 
the problem ot 3Uat bow detinite the oampo.l'loft or tbe 1nd1vldual 
llpoprote1Da la, .. at await the isolation of tbe more h1gh17 
pur1tled oompoMnts. In a NO_t "PO" macte b7 the COIIIIl1ttee on 
Lipld. and. Upoproteln ~lature of the .. rice 8001.", tor the 
stud7 of Artenoaolel'Osla (8). it waa NOCIIltende4 that the tel'lllS 
"alpha lipoprotein" aM -beta l1popote1A" be :reatl'1oted. to 11po-
pJ'Ote1na w1 til an eleotropMre". 1IObil1't7 of the alpha &rJ4 beta 
slobul1u, .... ,..'1ve17. III o'h •• word., tbe 'terms are not to be 
Md to ola881tJ' l1popNte1fta obta1De4 'b1' 01*.1' methOds atl1 the7 
",e been '''!Rlfled bJ' their eleotropboretl. _bill",. .q alao 
atate tbat 1a the ,reNDt state of knowl" DO unltorm ola.aU:1 •• 
tloll of l1poproteins 1e po •• ible. Thell' coapo.ltloa. ucl. henee, 
their Jbl'aieal properties, V817 1ft 41 ..... aDel, pemapa. b 
... MA .... _. ...... ue peat obstacle. 11'1 the path ot a eorrelat;lon 
taloohol aolubUlt7, .l .. t~tl. _b111",. Ud , .. ,"'. 
The ooapoa1tlon a4 svuotun ot the l1popro'beb. are in 
• .,lq With the OOMe,t ot ~eu tdotlon 1ft the 11v1 .. _81 as 
urian to'll' l.:1p14a. ., l~ with pol.n>ePtl4es. thee. 11p14s 
~ water soluble and aM '"-17 tnupor'ted 111 the blood 
tn_ 1f1tmout 1ntJ!'Oduotas atftetw.-.. ot N41oallJ" utteJl8l.lt 
sloal PJI'OP8nl •• hom \hOM ot tbe Mat of 'the pl ... ,rota1M. 
e 8011.lbUl1;J' behavior ot the llpopro'bet.ne augene tbat the 
1,14 and idle peptide are ~ 11\ Roh • JIfI.l'mtt .. that Vbe 
. tide mo1et7 18. tor t;b.e 1I08t part, expoae4 OIl tb.e alU"taoe (48). 
'b appears w:t11kel,- that 'the tide oould exert INch a 
3 
pN40miftant intluence on the lnteraetlo_ wlth the lona or ~. 
8UJTOUDdiaa _41_ lt lt w." lIIlbedded in the llp1ds. 
!be alpha 11popJ'Ote1ll baa been round to oontaln approx1-
_tell" 40 per .ent 11p14 and 60 per oent aa1Do aold .. al4\tea and 
1t. struoture bas been ple .... d •• a ball of 11p14 eJlOloae<1 b)r 
preteln (44).. 'lbe .8....,tloR tbat the beta 11pepJ'Oteln i. 
oGapOMd or a .phere or 11pld. coveJIM w1 th art unbl"OkeJl tila or 
po~t14e.t how ..... " la llOt eoapatible with the "lat1ve ,ropot--
tions or 11p14 and peptl4ft round to be preMDt (48).. '.lb1a 11po. 
protein trutlon baa been touad to •• talD approximatel" 75 pel' 
eot l1,1d and 25 per .ent aa1Do ... 14 .. al4Wta. It appean tbat 
tbe ~a.. or the beta 11poprotein. oOhalat. of part 11p1d and 
paJtt prot.tn. In .pl te or the pNd-.s.tuaMe or the lipid ao18t7. 
the •• lubll1t,. propertl •• of tile alNue are tbe •• ot a 'Dleal 
_SlobulSll PHte1n. .. •• t1re rather .tro~ that: the 11p148. 
a1I1no acid reBldu ••• and. waMP aft a~ 1R auoft a ..,. that tbe 
pN'e1ft 11018'7 and perhaps. the eh ... ed pbOlphollpld residue. are, 
tOtt the aoa' I*rt. 011 ~ 81Il'taoe (<48).. ...Farl .... (43) ba • 
•• tlUted that not laO" tbarl Ita to 57 pel' •• t ot _. expoaed 
au.s-tace of the beta l1popHtelns oould oonalat ot peptlde 
mate,,1al .. depending OIl the 1_t10. ot the water of bFdNtiOll 1ft 
the tntario:r ot extenor ot the sphenoal .odel uauaed. 
Uttle 1s known eo.eriaa the actual atNOW" ot 11po-
pl'Otelna 01' .t the tON.S that atabili •• the • ..,lex. Obarptf 
4 
electrioal tle14 at a pH well above their laoe1ectrio point., aDd 
s1Doe the 11p14 oan be extraoted by alooho1. the toree ot attrao-
tlon between the I1p1ds and proteln. IIlU.8t be that ot VIft de,.. 
Vaal'. tore... OM II18ht be reminded ot the re&rIU'ka'ble eoaplexea 
tormed between urea and Itralsht oha1n b.J'droOar'b<ma where the "" ........ _. 
complex •• torm he11x •• , an4 the entrapped sub.taDo •• aN held. 1n 
the center cbannela (21). De"lob1u (18) sq8 the mode ot 
I1nkage between tbe lipi4 aDd the prote1ft 18 pun17 eleeboatat1o. 
that la, 11pl48" such as cholesterol, Wb10h do DOt bear ebarpe, 
are 41.aolved in a ball tOl'Md 1>7 chaJ'pd I1p148, _on &. 
leoltb1na aM oepbal.1na. wb1ch in tum U ooveNd bJ' a lqer 01 
proteln. 
!be tmportanee 'Of lecithin 1n ma1nta!n1q the struoture 
of tbe beta 11poprote1u baa been .... teet b:r studie. OIl the 
1Dtluenoe ot lee1th1naae-ecmta1ft1q 1>",.,.t101'l8 upon theatab11-
1t7 01 beta l1poprote1M. IIapuN oObCeDtratea ot tills ..,.. t 
CI08tr141_ .. loh11 have been IIbo1m '" cause seve" d_ to the 
human plasma beta lipoprotein atructuN (50), where th18 eDape 1 
thought to eauae oal,. a bJ'd,rol,.8" ot leolth1na and. ap1ftsom7e11na 
to 101"11 pboaphor:rlohol.1Jle. !here 18, ot oourse, the ,o •• 1b111t7 
that other ..,... were present 1ft the .. exper1aente, thua caua 
more aevere d.utaae than would be oauH4 'b7 the puritted ..,... 
woridDg alone. 
It 1s po.dbl. that the protelna wbieb. are oonstttueta 
01 _ttve 11 J"Ote1ne are uto aDd bave mo att1n1 
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llp1ds. IlaQlieboe\lt (36) postulated ~bat 81M. the an1llal os-aW-
18 able to prodv.oe &1obul1_ _088 IIlOlecul.8 ue· adapted 0.,1 •• 
mentU'117 '0 tile de'teftdnant sroupa ot ant1pn molecUle., perhaps 
the prot.1M ot lipoPl'Ote1n8 IIl18ht M .,.01tl0 tor Up14e 1D a 
manner re.-bl1Da thU ut~tlbo4;y .,..1t101t7. 
Proeedurea INch .a lJ'oph111Ation. and eyer. trMs1.Ds 
alODe, wb.loh do not haN other ..... protelu, have 'beell tcNnd to 
alter the well-ctet1Ded 8011it'bllJ;t7 ohUaotenet!e8 ot l1poJ)l'O'e1nl 
to a oona14Uable extent (48). !be akbWtJ ot th ... l1po-
~te1U untie&' 181.17 MY" expeJl1JaeJltal oon41tlou is ot lION 
tbaa aoade1c 81an1tloanoe. A thOrougb. krloW1edp ot tUee hota 
le JleO.SH17 1n the Choice ot a prooe4ure tor laolatlon. 
lecent .. 8eueh hU lead to the deyelopaent ot three 
~\bocle ot huttonau..ns blood l1pl0. ---17 cbe1a1oal tNCtlona-
tloa <1) (15), ultraoentnhptioft (32) (49), and l0a0ll'&P1l7 .. that 
l., eleo'bophoN81a in stabilued ae41a (40).. wtd.oh hav. been 
round. to be 1rrvaluab1e 1D the 1:nve.tiptloD ot MJIUIt lipids 1n 
;>athOloa1 •• l oeac!1t1.8. '!he use ot the tint two _tbode baa., 
~owevu. been lSal,", bJr tbe taot tbat the7 are ta1l'17 t1u 
~ ... recpd.re nlativelJ' lup ataO\lrlt8 ot blood to,. 
ma17.... ~ baa the "VUlt ... ot ~ Yfn7 8rIa11 
UlCNn'ta ot blood tor 4eteN1Dat1ona~ and is not .. time ...... ,,. 
~. the other two tecbn1f1U, •••. 
!he teob.D1fl\l8 of reaolv1ras ~. ot o~ OD. \bfI 
~a.1. ot the relattve 41ft_,..... 1n their .1.ct~t101l _tea 
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tb.roush stabiUs" 11841. •• clevelopect 1D4ep(tftdentl,. in several 
laboratoriea. !he 4evelopaeata in tb.1a tle14 have beeD ... aria .. 
b,. McDonald and c~ (Jto). It 18 onl7 Dawnl .. tha, that 
thia tact ahould 'be retlto," in the ftOIIeJ101atve ued to de-
lol"1be the technlC(Wt and. .. soclateel operatl_ OP NOONe. In 
tMa thea1s tbeteJ'll fti01lOpa,hfft will be u" .. 4.acrS .. the 
electroJd.gratloD of all tJ:pe. ot lId,Jl'arJta 1ft ata...,l18e4....u.a. !be 
tena -10D0fP'811- wl11 be UIed to .... n" the eml Nault tJrom ... oh 
expenment. in WhJ.ch the miXture. have been tnotlonated into 
d1lOrete Hbea or areaa. wbU. the tea -lonopaphie appu-atu· 
will Nf.p to the 1n8tl"U1llellt -..ed. to., 08J'!J71Da Otlt ~
separatloas. 
A decacle qo tb.eft we.,: 0IIl7 a baIldt\tl of ,...1'8 
pUbl18hed on electrophoreals in stabtl1se4 M4ta d .. l1DS W1th the 
MP8l'&tlon ot blooh.eltd..oa1 .ter!ala. 'focla7. boob b7 BlOOk 
11.- fl. (7). Led __ (30)" JIoDoMld !.\. 11. (Ato), 1101"1 U4 
Kobqasb1 (46), .... WwtcileJ'17 (65) uc.t -1*17 .. tbouaaJ papers, 
moat of 1tb1ohdltal with bloeha1oal atu41 •• ,. atteat to ,be tut th.a 
1~ DOW ooev.p1 •• a ~t plee. 1ft tile hone 1'Uk8 of 
teohJd..ea 1ft ~t ... 111 b:t.oehealeal reaearoh. 
In pft'f'iou.e tWU.. ot 8el'Wll 11popJ-Otelu b7 thl8 
method, one of the -.10. dittleul tl •• _._.ieMel baa MeJl in the 
d .... t1011 of the l1poprote1u after MP8l'&'lon. the 14eDtl.tloa-
tton of .eJIUII u.POPl'Ote1nl a.tter an l0ft0papld.o aeparatl •• liDs 
atarell aa tile atahU1daa _cU._ baa ..... achie ... ed b7 outt1Ds out: 
7 
..... ats ot "the ataroh bloek ud ~ ohell1eal teata tor 
oboleaterol and pboapho11pLda OD th... ...,..ta (29). When 
tUter paperbu beeR uecI .. tit. 8Ubl11.1q medium, tJae OOJlllOD-
eat ... D8 ot 14eDt1tloatlcm haa 1Jwolved. ~ ue ot .,..1tl. tat 
... :Lna (59).. Some o~ the atalDa uaed aN &adea III (ao) (24)" 
au_ 111 (53) (54), 011 Bed 0 (2) (5) (19). Itldan BlaCk :a (38) 
(58) (59), aDd 011 Blaok (3). 'Ble ••• ta1na are pnenllV bellev 
to be apeo1.t1o in their abtllt,- 1u) oolor 11p148. L18011 (33) re-
por'ta tbat *be .,..Ulol'»' ot IkdUl Black B 18 pertect. 1fotl\1Ds 
elae ot wbat ... _tuft 1s oo10recl. ... be ""'8 auh colora-
t10D a. d811Jd.a8 tb..olue ot Upl .. to. t;b.e ""toalltad.at. 
!he,. are a van._ ot _ta1Jd..Qa teebId..... but t_ 
are au bued 01'1 the ... pftncl,le.. tbat the .. dFe- 00101' lipide 
bJ UalOlvtac In tMa (9) (59). 'But tl1u .. pa,.~ aWlpe oontain-
1a8 1d:\e tftetlcmated l1poprota1n8 are s-.ene4 1n a eo __ trated 
aolu.t1.0b ot the .,.. in a au1table 801veD' (tort7 to Mvent,' per 
out etbaRol 1. the _" .~). uda,. wh1ch cond1t1tme the 
coettloiet ot part1tion or tlle dp 11 larp~ in ravor of the 
11p1d. :En prev1ou8 1.d1ea ot lipids and l1popt'OWW b7 tbt_ 
utbod. tbe ohi.t cIUt1cu1tl •• enoounserect were 1D the 11tadecuat;e 
.ta1nlns or the lipoprotein banda, 1n the retention of the stain 
bJ' the paper !t .. U,. &bd in .. undue lusth ot t1M' otten 
requ1red tor tile Pa1rd.ftI proc.... '!he retention ot tbe atain b7 
the paper baa lead. to ve.,. h1ab P4 u.neve blank value. WhetJ:aut 
the methOelot aDal,-818 ..... was .lv_ion aDd oolol'1lllet17 (59). or 
• 
was aohlevec!" bJ' Icarm1Dlthe 10n0sram1 (40). 
!he variab1Ut,- 1Ja puri..,. ot aWlu a"U betweeJl 
various 10t8 troa the ... eou:roe, aM. betWftlllota tl'Olt 41tt.r-
e.1; 8.ro... Ie &leo a taot •• wld.ob. bal lead. t. IlUh eODtuloD in 
the l1'ientNJte. Dopl'. a elalla ..... bJ' .. author to.,.. SOO4 
."'1Id.D8 abiU.,- and ooJttrut tor a partlo.\1.1a.1' qe, worken 1ll 
other laboratone. bave not a11f'1l711 been able to aoh1eve .. tl.tae-
tOJ7 ft.lta .. 4u.e~ a.ppe.J'MtlJ', 1a....,. ...... to the taot tbat the 
(Q'es we" net obta1ne4 tram the ... lot. 
1h1. 1nC0I1818te.no,. 1ft the oolor1Dl action or l1p1d 
ata1M baa hindered hiatchem1at. alao (9). Christman (la), (13), 
(1'-), (60), (64) and co~rs 111 1953 reported" 1n ... eri •• ot 
tlft papera, the traotloaatlon of IbdaD m and Sudaa IV b,. -aDS 
of paper obromat~, and the INb ..... ' traotlo_t10D ot 
aad.aD XlI b7 oolumn oh:roma~. '1'b.e7 tested the ata'nlng 
abl11q- ot the vanoua traotloM by h1atolOS1oal _thoda, and. 
concluded tbat Ibdan m does llOt ata1n at all, but art 1mpur1ty 
doea the ate.1nS.ns. "anoka aDd oo-wol'ken (17) in 1955 reported 
that Oil led 0 had been ltrok.n down b7 paper cbromatopaplv, aDd 
that 110ft thaD 0Ile metl_ wa ........ 17 tor aatlataotoJ7 ata1rl-
ina. 
In this theal. a .. prooe4\tN tor atalnt.ns .e1'Wl l:1po-
protelDa Will be ,..aented. tJl thl. _thod the l1poproMlu are 
ata1ned 1n the serum betore applloatlon of the .. NIl to the paper" 
thus el1m1Dat1Ds the oolored 'baclqptound wh10h reaul ts when 
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Ionograms are staIned atter a run. The dye, Sudan Black B, baa 
been fractionated in an attempt to obtain a homogeneous, highly-
specltio 11pid stain. The affinity ot the various traotlons tor 
11p1d8 i8 determined b7 u81_ paper clu'omatograpb1c methOd.. The 
lonograph1o fractIonation ot lipoproteins rro. the .eruM ot normal 
subjects and tro. a small DUmb.r ot pat1ents with rheumatI0 heart 
dts.aa. has been taJIT1ed out. !be value. tor the ratio "total 
11popl'Ote1!l/alpba 1Ipoprote1ft" are compared. 
CHAP'l'BR II 
Betore deciding upon the stabilising medium tor the 
lonograpb1c separation of •• %'WI lipoproteins" ,everal d1fterent 
t7Pes ot filter papel" we" 1nve.t1aate4. The type. of filter 
paper used were Baton aDd D1keIIan lIwIber 613, Wbatman llmaber one, 
Whatun lwaber three, aDd gl48. tiber t1lter paper lfwIber 
X-934-AH (_4e b7 au-lbutt Paper CompaD7 and distributed b7 B. 
Reeve .Ancel aM C~, "w York). The BatoD and Dikeman 
papeJt waa obtained 11'l atnpa tlve s.uteentha of aD inch 11'1 wl4th, 
aDd. the Whataan paper. U atrips one halt inch w1de.. 'lbe Slal. 
paper, wh10h waa not available in atnp tON, wu cut into atrip. 
one }talt lrach 1n wtd.th troa ahe.ts twelve 1M.B b7 fit teen 
. inches. 
Itt'9 t it mgtenst .TlPlI or Eilts raper en •• *2~o 
Im,1.iloB of §!!lV! ~te&s! 
!he apparatua uMd in all thea. 1nV •• tlptlou, was 
the inatJ.'WlleJ"it manufaotured bt h'ec1elon Sclent1fl0 C~, 
Ch1eqo, nl1no1s. '.lb. prototJpe of thi. apparatus haB been 
described 1n cleta11 elaewhere (40). 'lbe U,pel'1aental teohnicau.e 
empl07e. bas been desoribed earl1er 'D7 JllcDonald, !1- 11- (40) 
(42) • 'lb.. tempenture of the apt_ was held constant at twenty-




was veronal (8041_ d1etlQ'lbaPbltunte and barbiturl0 aC14) of 
ionic atftD81m 0.05 aa4 pH 8.6, and the a1aosphere of the .,..tem 
was nte ..... fNN.e4 heUUII. The t1me aUowM to~ the ":pantleDIJ 
••• tllNe to tOlU' hour. w1 tit a potential lNdiat of .U '0 elCht 
volta pel' oent1Jaeter. :rlve Jliol"011 tel' alicuota at tme aerwa weN 
applied to the Whatmaa papers and to the Sla •• paper, wh11e three 
1I10ro11-.r aliquot. were applied to eaoh atrip ot the Baton and 
D1kemu paper. 
!he initlal etaS D1D8 ot the 1onopaJl8 tor 11poprote1»s 
.. a oaJT1e4 out uooH1lJg to a method 4 ... r1be4 1>7 JlarbUh (38). 
The prooeclure 1s .. t0110... OM lI:a.nttre4 m11Uli tera of a aeven1;J' 
tive per ... t aolutlon ot .ethanol ... bolled tor three m1rNtea 
nth 0.1 .... ot &adD Blaok B (lfal'tMrm-Le44oJl CoIJpa.nJ',. 
Ph1ladelph1a, Lot "")... !be 101uttOft was allowed to 0001 to 
room t.,...tUft, and was tbeD t11'-"4 three t1me. i;hJ.tousb 
Wba1at.n ... ber OM t11teJ- ,.,.1' aM then onoe ~ Whatman 
lUmber ton,-.tw. tilter papW. !h18 aolutlou ... kept at tortJ" 
depees Cellt1pade 11l a ooutant temperature bath. !he 10n0arama 
weN 1Jae1"M4 1rl thia _llt1;1_ tor ___ 1Ida1t •• , and J'S.DMCI at 
l'OeIl teape.tve 1ft fit .. ,.. eat: ".'one to." two UDUwa. The 
J)l'OGed:u.re tor l'1ulns .... repeated. Wltl1 the papu baolqpto\md wa • 
• ... e17 llIbt bl.... lbia \lnall:J' Nfl'd,ft4 ~ to tOUJ' nue •• 
•• iOD0P'U8 .ere then dJi,ed in an oven set at one hundred 
deaN •• ' ceA1;1pa4e. !be UpoP"te11'l 110MB appeared dark blue 
a.p.1Ilat a Up' blue bulqpto\md. 
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!'be l1poprote1D aone. obta:l.Ded on the 1ftlatman papers 
were ..... abarp17 clet1ned than tho .. obtained em tbe Baton and 
D1keun paper. !be l:>an48 on. the latter paper we .. more 41ttuae. 
due teritapa. to 8ft 1n1;enot1ofl. Of the l1poprotetu with tbe paper • 
• oleu- cut ..,..tl0D of the ·11poprotel. was obtained Oil the 
Slau.t1ber paper. ... .... 1',. 1t was ob •• rYed that the order of 
_pttud.e of el .. tJfOO8llOala wal much..-ate. on the glas. paper 
than tbat Wh10h bad HeD ObH1"f'8d OR the .ellul.ose papeN. !h1s 
ph.enomeDOn baa becm d1aeuuH 18 peateJt detall b7 Bcmaes and 
Jlrdlo_1d in anothel' pub11 •• t1OD (4). wt aa _.,le ls Ilftn 
below tv tbe ·sake of 11lWJtatloft. 
. .All lof.lOpapb1o %"Un was ae' up With three atrip. each ot 
Wbataan "bel' OM pape~ Del. SlUe.flber paper. !he o01ad1tlons 
we", velJ'ODal butt.,. ot pH 8.6 Ud lome .trenph 0.05,. tempera-
~ ot lou 'epeel CeDt1pad.e, abd a poteDUAl ptadlat of live 
Yolts pel' ent1lae'ter. 'lye _.J.IOlitera ot a 0.01 pel' •• nt 
aolutlon of bl'Ollph .. l blUe solutlon 1ll the butter 1If8JIe applled 
to MOh strip .a the III1paDt. !he _1d.ll_ ot the b1'Ollphenol 
blue was plu 0.11 rd.or0D8 pel' ... 0114 per yolt pel' oent:l.aete .. 
(the plus 1nd.1 •• tua Cpatloa toward. tbe posltlve eleetrode) on 
theeellulose paper, and 111 ... 0.44 cnb ala •• paper. 
h .Na'Om&91,2t &1:Itftw 1!YRt, .J!1U.rpt !DU or l1IMr 
lanl" 
S1Doe 1D the ata1n1Ds ot l1poprote1U the baelqptound 
0» a1+ tbe ,.,.. ... s 11sh1; 'blue.. 8Jl l_e.tiption 1ftto the 
13 
. 
11ght-abswb1n8 abilitle. ot the vU'lOUI pape" were conduoted.. 
A th1okel' paperwou14 be expeoted to abaorb DlOft lipt, all o.er 
taotors be1Dl equal, and tbu. be undesirable beeau .. ot the h18b 
bac~. 'lb. apparatus usee! tor tile •• M&8\lN.IIl8l'lt. Ud all 
subaequent .. asureentl ot colo"d. _tenal. on tllter paper 
report" 111 t4a1. th •• i. was the automat10 aoann1Dg reeorder which 
has be.n d.acrlbN elsewhere (61). ".ent1&117 the u.rd. t ooul.ts 
ot aix oOllpOl'lUts t 1) a Bauaeh a:n4 :I..oID sratlDS IIODOOhJto1a:atOJ'J 
2) the Welob blue _1U •• pbotoeleetr1o PJ'ObeJ 3) a JlGtOJ!' 
driVeD teed qat. bullt to aoeODtOdate paper atrips) 4) the 
Weloh Denaleh1-oD amp~ \U'd.t, 5) a lopntbm1o PlPl1t1erJ 
aD4 6) a BJto1m n .. troD1k atnp..obart NOorder. 1be motor apeed 
ot tbe teed .,.a .. 1a e1ee\l'On1aa117 8J'Mhroni.ed nth tile rol1era' 
ot the sQt1p cbal-t NOoNei' 10 that a plot of optloal denalt,-
veNUS 41staraoe '8 obtabed upon rwm1Il& a strip e<m~ a 
colond matel"1al throuab the appuatua. !hus,,, a tne1DS can be 
obtained aueh that the area Wl4er tbe euwe 1. 41reet17 
propwtloDal both to tbe quantity ot material em the paper and to 
tile area over 1dl1oh the _te1'1&118 spread, provl41ns the .,.8t_ 
tol1ow. the Beer-J',.uibert Law 1lIh1ch will be d1Hu"d later in 
this ohQt_~ 
tlatns a 1nm&aten luap u tbe UCht aouroe. the 110-
nochroJu.tor was set at 590 lI1111m1oroua wh10h is ve17 010 •• to 
the polDt of maxS ... ab.orption of SUdan Blaok B (16) &I'1d 
b~ol blue (51). !he a11.t width of the monoohraDator waa 
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set at 1.0 millimeters. 91e instrument was zeroed wlthout aD7 
paper between the 11Sht source and the pbotoeleotr1e probe and 
then eaoh paper was in tum 1naer'ted 8. that the photoeleotric 
probe held the paper against the l18bt 81it. !be opt10al 
dena1t1e. ot tbe various types of tilter paper read on the 
Dena1ohl'on are gtven 1n Table I. 
TABla I 
OPTIOAL DD'SUUS or IBVBRAL ft'PBS OP i'llI1'D PAP. 
T,ype of Filter Paper 
laton and D1keman Ilo. 613 
Whatman Ro. 1 
Whatman Jfo. 3 
Glas. F1ber Jfo. X-934-Alt 





Since the Wb.atman Number one f1.1ter paper proved suit-
able from tbe viewpoint of giving good 1onograph1o lipoprotein 
•• parationa and ot bavUtg a autt1e1ent17 low opt1cal dens! ty I 
this paper was used 1n all subsequent 1onograph1c separations of 
aerum. l1poproteins. A paper stn» adapter (Research Speoial t1es 
Company I Berkel,., C&l1tol'Jl1a, Model :lumber 2001) whioh. 1'1 tted in-
to the oell-holder compartment was available tor the Beckman 
Rodel DO Spheotophotometer. Using th1a device the opt1cal 
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dens1 ty ot a: strip of Whatman Humber one t11t.x- paper was read 
at a wave length ot 600 m1111m1c1'Ons. 1b.e optioal densiqr was 
observed to be very high. around the order ot 2.9. When the 
oompartments tor temperature regulation were :removed and the 
strip adapter turned aX'OW'ld 80 that the strip va. clo •• r to the 
shutter. the optical densit7 re"dina was or the oMer ot 1.9. 
Both of the above mentioned modif1cations moved the paper oloser 
to the ahutter. and thus apparently reduce<! the 11&ht soattering. 
Prom the .. determinations it 1. avid.- thattbe design ot the 
automatio acannins devIce 1s verJ ettie1ent trom the v1ewpoint 
ot m1n1m1a1.ng l1ght 8Oatter1ng b7 the filter paper. 
The Sta1ll1!it of Jonol£lM 1!Jt1911BlMef1t1d ~ §elutlons 
The lipoprotein a1;a1n1ng procedu.re 01: I..oeftler and 
Wunderly (34) was tried in an attempt to 1IIlprove upon the stain-
1nS method. A solut10n of forty m1111grama ot elba Blue 2B 
(alba Company, Incorporated) and tortJ' Dl11118l"Ul8 of Sudan Black 
B (BZb-5) 1n 120 mil1111ters ot n1ne1;J-tlve per cent ethanol waa 
warmed to sixt7-tive degreea Cent1pade. and. j)O\U"'ed alow17 into 
ten milliliters or a tour pel' oent sodium oU'boate solution, 
which. was also at sut7-tive d.egrees Centipade. 'lbe m1xture was 
allowed to 0001 and was then filtered throuSh Whatman Ilumber 
forty-two filter paper. '!he filtrate wu kept at tort7 desrees 
Oent1grac1e b7 mean. ot a oonstant temperature bath wb1le the 
lonogl'aJU were imaened 1n this staining solution tor n1.ne 
minutes. Th.,- were then washed ln several baths oontalning .. 
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solut1on ot tOJl'tJ' per oent ethanol and tlve per cent glac1al 
acet1c acld. 'lh18 ata1n1nS procedure· produced lonogram. atill 
exhibiting the oharacteristic blue backSround, and the color ot 
the llpoprotein sones wu not aa Clark aa that which had been 
obtained when u.1nS the aethod deaor1bed b7 l'II'arbach ()8). 
C .... lman in 1954 (10) used .. et71ated SUdan Blaok B 
tot!' looallc1Ds lipid apots on paper ohromatosr- and :reported 
that tbe ... t7la'ted derivative _. DlOl"e apeoUic tor lip1ds than 
the parent qe. Lillie ancl BurtneJ' (31) de80ribe4 the prepara ... 
tion ot ace",late« ... claD Black B aDd repoJ'ted tbat the7 totmd it 
h1ahlJ' apee1t1c aa a b.1atochem1cal reapnt tor lip1ds. 
SUdan Black B was aoet,'lated acoordi .. to the aethod 
desoribed by 141118 and :J3u%rtner. t'wo crau ot the d)fe (1Ib-5) 
were dissolved 1n a solution containing sixty milli11ters ot 
acet1c anb1dr1de and fort7 milliliters of pyridine. the solution 
was allowed to stand overn1ght and was added to a flask oontain-
ing three literS of distilled wate%'# in order to prec1pitate the 
d7e. .e m1xture was filtered under auction through Whatman 
Jlwnber one filter paper. The qe was red.1sso1ved 1n 200 
Ja11liliters ot acetone and was again repreoip1tated with water, 
filtered, and all' dried. 
1be aoet,'late. Sudan Black B was used .. inateact of the 
relUlar qe, to staiD 10DOsraas. according to the method d •• crib- . 
ed by Mubaoh (38). Better oontraat was cbaerYe<! between the 
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'blue 'ltpo,rote1n .. nes ADd the, baekgl'OWld. A al~~ modltlcat1cn 
at the a1)aJ.a!_ ~~ va. madeln that the ~e was oP1ginal1)r 
d181011ea il) a1Xt,peJ" ~_t etbuol UlIMa(! of eevellw-tiv. pel' 
eent.", anet, tQOJf the wash solutiOns W$Mctwtced tront tUt7 pel' 
oe.' atteto. to .titt'l, ,.. c •• t ethuol. Four waIb. aolutLcms, 
"e,.. uset. a.d tbe ' lGno~ we" nsb.ecl tor two 1lbat.....1n eaoh, 
ba'b., .u~boqb the baOkpOund .tl11 ap~4 l1Sht blue. good 
dtttewlltut10n 01 tne 11,o~tetn bahaa wAS obtuMojl, Whttber 
w. :U.ghttntd bM~IfUI dUe to a ~ttoatlon ot tne 478, 1:17 
th., "et11a~1on, proc.~'" or .-'1;:11$1' ib. ••• tualmo.lecul. M4 
r 
been alt.X'ecl b1 ._tV1at1.cm, baa _t b-..ndetetrDlM4w tbe .ttuo-
t\lre or _dan Black Baa PVetl 'bJ 14111. ,and au-tn.er (31' 1, 




'latlonal ArJ111ne !)lvlaloll, AUt" Ohem1oal and Dgeatutf'a 
Co~.tton, •• ~tuNjI' or the... A aUlbt1r4irte'-llt 
atNot'Ul'e ,. &t'V.~ b1 Conn, bu.t be (}oe8 no,t 118ttbe ISO\lrce ot 
h.1. tntormat .. ' on. '!be ~blem ot ace . 'lat1on Will be 41$0'\1''8:e4 
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at areater leDatll in a later ohapter. 
!he §ta1!1!1 of J4R9»roH'" MOE to Ioaoi£!lh1c !D,t10Hi1on 
BYen the ama11 amount ot d:,ye wh10h atl11 remaiDed on the 
1onograma .. a b.olqptoun4 reaul ted 1n a Y817 'tUleyenbase 11ne when 
the strips weN l'Wl thl'oUCh the automatl0 ao&lU11Dg recorder. It 
..... qulte po.81ble, howeve., that it the lipoproteins could be 
stuned 111 the aerwa prior to the lcnoiftpbio tractiOlt8.tlo1'1, tb1s 
backp'ound II1ght be completel,. el1m1Date4. Spltzer (51) baa ah 
that the complex toNed by the bfOllPb.enol blue-boy!. pIa_ 
al'bt.ua1n interaetlon broke don lIlto 1ts O()1lJ)OMflt parts, 
bfOllPb.enol blue anc! bovine pla_a al\N.1a1n. duril1l it. ionolftpb1o 
misratlon, and. that these cOIlpOnents then uh1b1 ted the1r char-
actn1at1c mob11i tU8. The bon4 betweea bromphenol blue a.D4 
proteina i8 beUeved to be ionic (39), tAtt lt 1a pneral17 be-
lieved that SUdan Blaok B colora 11p1d materials bF d18aolvlns 1n 
thea (9) (59). It tu. 1s true, and the d7e could be allowed to 
d1s.01ye 1n the l1poprote1na betoN el •• tJlOld.p-atlon, then 1t 
would be expeoted that the llpopre>telna would' IId.srate .. blue 
sonea, and since Sudan Blaok B 18 Yll'tU.allJ' iMoluble 1.n water, 
the dye would not be ex.peoted to leak ou.t ot the lipoprotein 
h-aet1ol)tJ •• the7 UJlderwellt ele.tJ!l'C)ld pratlon. 
11'01" ttll. _thod of pre-sta1n1ns lipoprotein. to be 
utilizable. the qe would have to be adeled to the •• rua 1n neh a 
1IU'Ule1" tbat no denaturation of the lipoproteins would take place. 
81ne. the a,.e 18 1n801uble 1ft aQUeous eolutlona, 1t would have to 
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be added to the serum in the 801id torm or cU.8so1 ved 111 an 
organio aolvent. 
!be possibility of add1ng the dJe to the aerum 111 the 
so114 tonn was the first method to be investlgated. One m1l11-
sram ot SUdan Blaok B (ftZb-5) was added to a teat tube oontaining 
one m111111ter ot human MI'WIl and the miXtUre was stirred tor 
Nveral boure b7 aeane ot a meohan1cal atllTel'. Upon applioation 
ot the sel'Wtl-d7e mUtu.re to the st1'1ps, preoed1n8 eleot~­
tion, Dlch ot the ~ precipitated at the or1&1n; however, upon 
oompletion ot tbe run the lipoprotein aones were oolored ¥err 
light blue. '.lbere was no apPl'801abl.e baolcpoun.d. oolontlOD other 
than that at the point ot or181n. In the next expel'1ment the 
same pre-staird.nc ,1'OCe4w:'e waa tollowed, bu.t the aerum. was cen-
trituged. tor ten ~tea in a cUn10al oentrituae prior to it • 
. 
application to the atrip of ttlter paper, a procedure Which 
el1m1nated moat of the precip1tation ot the ~e at the point ot 
or1g1n. 
Pol' the add1 t:ton ot the d.7e d.18so1ve4 ln an orsan1c 
solvent, a solvent was needed that bad • vapor pres8Ure b1gh 
enough that it oould e.al17 be evaporated. '1he solvent should 
also be m1aclble with the aerum.. Btb¥l alcohol sat1sfled theae 
on ten.. At the beg1nn1D8 1 t was reallsed tbat the add1 tlon of 
the eth7l aloohol to the •• rum could poaa1blJ' cause SOlIe denatura· 
tion ot the SerwJt ltpoprotel1'l8, an4 could. po.8ib17 extract aome 
Upid trom the lip1d-protein oomplex. !he a.aumption was made 
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tbat 1'1 tbere wa. (1) no cl'lanae 11'1 mobl1lt7 of the alpha an4 beta 
lipoprote1r1a upon the pn-eta1n1Jls with an alcoholic solution ot 
the 478, aftd (2) it the ratl0 "total lipoprotein/alpha lipopro-
teintl ftl the same 'lor the serum that batS been pre-ata1ned as 
tor that wbioh bad been stained tollow1ns ionographlo separation, 
then no appreciable denaturation or extraction ot lip1d had. 
occurred. '1bere le,. ot oour •• , the poaalbll1t7 that a p1'OJ)Ol"-
tionate amou:nt of 11p1d m18ht bave been utneted tl'OJl tbe alpha 
and beta lipoprotelrla 80 as not to alter the -total lipoprotein! 
alpha Upoprote1nlf rat10. However, Jlaoh.boeut (36) has shown 
that With 9.6 per oent ethaDol 1n a penod of three hours aU th. 
lip14 tbat can be extraoted rrom the aerum bad been _tnoted and 
that S01Ile 11p1d still rema1De4J thi& rema1n1ns Upoprotein be 
14entlfle4 ae the alpha lIpoproteln. On the baai. ot thi. exper-
imental taot, namel,. that 9.6 per cent ethallol wu Ihown to 
extract most of the llpid trom the beta lipoprotein oomplex and 
onlJ' a veX7 small amount ot 11p1d hom the alpha lipoprotein, it 
would be expected that it the addition ofetballol .. in approxi-
matel.,. the .... cOl'lOentratlon .a Maoheboeut "Md, were to Nsult 
in an extraotion ot some ot the 11p1ds, then a peater amount of 
lipid wov.ld be extnoted hom the beta lipoprotein thall from the 
alpha lipoprotein. thus result!ns 1D all alteration of the rat10 
"total lipoprotein/alpha lipoprotein". MacbebOeut alao noted 
'laat almost JlO 111'14 bad been extracted dur1ns the first hour .. 
'*t be oould not explaln thi. latent penod. 
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One tenth of a millil1ter ot a 500 milligram per oent 
solution ot aoetylate4 SUdan Black B in mnet,.-tlve per cent 
ethanol was added slowly With abak1ng to a teat tube conta1n1Jlg 
one 11111111 tel" ot hwIan serum. Arter ten m1nut.a the exoe8s 
alcohol waa removed under reduced prea8UH While allowing a 
atream ot air trom a th1nly-drawn oap1llar7 to blow over the 
auriace ot the IMI'UDl to eliminate tl'oth1Dg. ibia .,et of air also 
proved to be a veX7 eftiolent means at stllTing. Atte. 1;he 
aloohol had been removed.. the aeNll waa oentrituged 1n a 
cl1n1oal o._r1tu.se tor ten JIl!.mate. and an aUquot then appl1ed 
to eaob. tllter paper strip. Upon oompletion ot tM run, the 
l1POPJ'OteSn zone. appeU"ed blue aga1nst a White ba(J~. 
Tbe" was rtrtual17 no pree!p! tat10n of d.J'e at the point at 
onc1n. !he lonograma were then Nn thJrouab the autout1c scann-
iDS :recorde. with the monoohroJDatOI' set at 600 m1111m1el'OD8" and 
the a.rM.S under the curves were determined b7 mean. ot a plam.-
meter (compensat1n& polar pla.D1m.eter .. lteutf'e1 and lIa • .,.. Compa1V .. 
lfumber 803). Upon scamW'lg the ... tl'1p. and oCIItPUt1Ds the areas 
un4er the ourves 1t 1fU ae. that there wa_ no appreciable altere. 
tion in the rat10 "total l1poprote1.h/alpha lipoprotein" tor the 
serum. that bad been pre-ata1Ded .a compared to that aerum that 
bad been stained tollowins the ionoaraph1c traot1onat1on. S1Dce 
there was flO alteration in this rat10, 111 view ot Macheboeut's 
ex.per1Jnent, tb.1a was 'taken ae an indio at ion that there had been 
no appreciable extraction ot l1p1d from the 11~ rot.in complexes. 
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Dds data 1. 81ven in Table V in Chapter V, where th18 ratJ.o tor 
a number ot .erwn samples" both nOJlBal and pathological .. 1. 
;1ven. A comparison ot the amount ot d7e in a particular lipo-
protein BOne ot eel"Wll stained by the two 41tterent metbOd. 18 not 
fea.ible at thia point .. sino. the oond1tlona tor the equil1brium 
between qe-aolvent-Ilp1d. are quite cUffeNnt. 
\'he JIObl11tle. ot the pre-sta1aed and Wl8ta1aed llpo-
proteina appeared. to be the _. a. evidenced. by m.1&l'at:t.na them 
81mulkneou8lJ' 1n the __ NIl .. but on dUt.rent strips .. and 
superimpoainl the lonosrams over each other at the oompletlon ot 
the run and atMr tbe unata1ned strips bad been ata.1ned. !be tact 
that there was 1'10 a.ppareat alterat10n 1Jl the IlOb1l1tJ' ot the pre-
ata1ned 11poJ)J'Ote1U wu taken a. 8v14e.e that theN bad been DO 
appreo1able deDatuNtion ot the UpoprotelDa. 
TheARIllett &a it ibe Mer-Lwbert 1M to Mataml, OD 116"£ 
Papr ,trip! 
A correlation between ~a t.Uld.w the cUl'Ve of the 
scanned 10DOgl'alU aJl(\ the a.aouDt ot d7e 111 a particular Bone 1s 
baSH on the assumption that the oond1 tiona tor correspondence to 
the Beer-Lambert law (52).. 8OII8t1aes called. the :Beer-Boupr Law 
(45), are present .. that 18. that a plot ot tbelogar1thm ot the 
I"&t10 "amount ot 11abt incident upon the ~stem/amount ot light 
passing t~ the 87.te1a" 1-a d.1reot17 proport1oul to the 
U1OU.nt ot absorb1ns material in the 8,..,tem. Reesand Laurence 1n 
1955 (51) reported. that the area v.nder the G\lJ"N was d11'ect17 
-------~-------
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proportional to the ooncentration or absorbing mater1al on the 
til tel' paper atter the1 had oiled the tllter paper strips With a 
solution ot alpha bromnaptbalene. !be a11t Width ot their 80ano-
ins devIce was 0.25 Ddllimeters. '!he,. reported that the" was 
a devIation tram. th$ Beer-Lambert Law it the paper bad not been 
oIled or it an inadequate light filter had been uae4 01' it there 
were var:1at10ne in the denatt,. ot the absorblng material on the 
tilter paper, due either to an uneven application ot the absorb-
ing matenal or to the use ot a vet7 wide 81it w14th 1n the 
scanning appaN.tua. 
In the determ1nation ot 11poprote1na~ 01l1Dg the tllter 
paper stnps prior to 80ann1ng 18 not p08s1ble 81n.ce both the 
lipoproteins aDd the fat d¥es are soluble in 011s. !beretore 1t 
was necessary to determ1De upeJ*1meJltally the relationsb1p 
between the aotual amount ot ~ on the tl1ter paper and the 
measurable amount without pretreatment ot the paper with atl7 
011a. Dilutions of a 100 m1111p'am per ceRt aolu.t1on Of &1dan 
Blaok B were made 80 that the oonoeatratlon8 of' the tiDal 
aolutioD8 .. ,.. in the rat10 of 5:4:3:2:1. An aliQUot ot each 
aolut1onwaa app11ed as a th1n .'"ak across a strip or Wbatman 
IaUIlber one tiltex- paper, the strips were then run tbrouSb the 
automatio scanning recorder, With the monochrolllator s.t at a 
- ... lensth ot 600 m1111m1erons, and the area unCleI' tile ourvee 
obtained was determined bJ' means of a planimeter. It the system 
- fulfilled the conditions set up bJ the Beer-Lamben Law, a plot 
~ 
24 
ot concentration a;a1nat area under the curve should bave given 
a atl'a1sht 11M. but this was Dot ob'.l'Ved to be the case. 
Crook et al. in 1954 (17) 481'1 ved. an emp1rical equation 
and. trom. t.b1a found ~t thq obtalned a cU.reot re1atlonah1p 
between the reclprocal ot the area under the CUl'Ve and the 
reciprocal ot the ooncentrat1on. Vrb1n (61) tOUhd this eq,uation 
to hold under hiB exper1llental eond1tlo118. '.ftle data tl'Oll the 
previous experiment with su'daD Black B a180 tita th1. equation. 
Even thoqb. a oorreetloa curve et the tJpe obtained from Crook. a 
equat10n mar· 'be ua84, it 18 ot lnt ... t to look into the poaub1e 
c ... e. ot a.ppI.ftnt deviation troll the Beer-Lambert Law. 'J.'he 
oau ... tor apparent d.1veraence lU.7 be classified as cbem1oal. 
1natJ'U.1l8ntal, and pbvsloal. J!ach ot thea. will be considered 111 
tum. One ot the cbel10al causes tor deviation 18 the tormaticD 
ot complexes (45) of the ab80rb1ns apecie.. In an attempt to 
rule this out .a the SOUl'Ge of the dev1at1on in tbe aptem 
m.eaaured... aliQUOt a ot the solution whtch had been applied to tbe 
tl1ter paper we" read on the Beekman Model DU 8pectophotometer 
ua1Dg a WDpteD laap aa the 11sht souroe. 'l.he read1nga were 
made at ....... lenPh ot 600 Id.ll1111crona, nth tbe photo-
~tipl1er attachment set at poSition one and the slit width of 
the inetrumeJ'lt Nt at 0.03 itlllim.eters. A direot relat1oneh1p 
... tound between the optioal density and the concentration of 
the Sudan Black B. While thi. does not oomplete17 preclude the 
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formation ot complexea on 4r7 tilter paper, it does reduoe the 
probabilitY' that aueh complexes aN tONed. 
'lbe second oause of' apparent dev1ation from the :seer-
Laabert Law DlA7 be instrumental, tbat 1s the 11gbt 8ot1roe mQ' DOt 
be IlOnoohromat10. ..en with the beat monochromatora" a oontin-
uous 118ht source, eueh a8 a b7drosen lamp or a t\l.Dpten lamp, 
w111 not give monoohromatio up.t. In an attempt to .plON the 
po.a1bl11ty that non-monoe!'u'Ollatle 11gbt .aused the obael'V'e4 
dev1ation, an exper1Dlent 1dent1oal to the tirst one aentlOMCl 
above, 1n wb10h al1quots or solutions of' SUdan Black B .ere 
applied to t11hr paper 8tnp., was oa.m.ect out with the 
exoeption that a .odium la:m.p wa. UH4 aa the 11sht souroe td.th 
the ~tor set at 590 lId.lUm10J'L'0118. ltd.. 71e14ed absolute. 
1,. monoohromatlc l1sbt. Upon .GBllh1na the 1onopau aDd deteNtn-
1ng the area under the OUI"'Y8. with a planSmeter, it ..... f'ound tha. 
the read1Dp 1If(Q'8 identical, within the n.np of' expe..s.a.ntal 
enor# wlth tho.e obtained 1n the exper1ment ua1q a oont1mtou8 
11sht 80UN8. A plot of' i;b.1a data 1s liven in P1.gU;N 1. !'he 
b1cbe.t opt10al dAtul'J' Nad1al at UJ' poiftt was 0.4. Buh pout 
1. the avenae ot tive 4.'.JII.lnatiou. Anotber expenment wh1eh 
WOUld Neill to 1'Ule out the ~tor .a the po •• lble aouroe 
of' tbe deviation trom the Beer-labart .taw bas been reported b7 
Min (61), 1n 'Which he tound a direot relatlonlhlp between 
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Hav1ng aeem1nsl7 ruled out ohemical and instrumental 
cauaes tor tbe apparent deviation ot the filter paper-SUdan 
Black B B78tem trom the Bee:r-Lamb,ert Law, the remaiD1ng cause to 
be inVestigated va.8 a phJ'a1oal one. IJardy (26) stated that one 
of the oond1tioD8 neoeaaar,v tor a 81stem to tollow the Bouser 
Law is that the qatem be homopneous. In an atempt to investi-
gate the ettect ot a non-hmaogeneous distribution ot absorbing 
material on tilter paper on the optical denaities tbat would be 
expected if' the material had been distributed in a homogeneous 
1 
manner, the following mathematical consideration was developed. 




108 r · eod • opt1cal densit7 
I 1s the amount ot 11ght passing through the substance 
into the photoelectric probe, 
10 i8 the aRtcunt o~ light incident upon the .,..t_. 
e is a propert)" ot the absorbing material aDd 1s con-
stant at a 81ven wave length. 
o 1s the ooncentration ot the abaorb1118 material, and 
d 1s the path through which the light must pass. 
1 Worked. out nth :DJ!t. lforten O. Melohior, Department 
of B1ochemlstr.v. Str1tch School or Medicine ot La.101a un1vers1t7 
Chicago, Illino1s. 
As an example~ consider the folloWing hypothetIcal 
systems, each oontaining the same number of absorbing un! ts, 
but with these units distributed homogeneously 1n "AM and in a 
heterogeneous manner in "Xu. 
7 7 
7 7 I 
A x 
Assume that the Beer-Lambert IAlw applies pertect17 to 
the absorption ot 11Ft 'b7 the .,.atem, and. assume un1tON tran.· 
mssion ot the tield with 1ntenai t7 10. Baoh quadl'ant ot the 




lOw, let In * eod 
n indicates the distrIbution ot absorbing units among 
the quadrants, and 
It 1s proportional to the l1Wllber ot absorbing 
epeeies per unit n, thus to d, 0, or de. 
• 
In system X in one qu.adrant 
and 1n eaoh of' the other three 
I=~ 
IOIfK 
so that tor 878tem. X 
Tt>TAL. I",:: Io .... SIo ::. 
..,. )( 10 K 'f X JD'K 
= 
Lfxlo'lK 
3 + 10 iK 
310 + 10')( J0 8K 
'1-)( J () 't t( 
On the basis ot the properties ascribed to this model 
system, it K is directly proportional to concentration, the 
optical density should be directly proportional to K it the 
system tollows the Beer-lambert Law. This 1s true tor each 
quadrant ot each system, since the values were calculated direct-
ly from the Beer-Lambert Law. Prom P1gu.re 2 it can be seen that 
the system in which the absorb1ng units were homogeneously 
distributed (A) follows the Beer-lambert Law exactly. s,atem X, 
however" aeviates marked.l,. from ~hls law even thoush 1ta 
oomponent parts tollow the law exact17. Although Figure 2 
indicates that there i8 an approximate conformity to the law at 
low optical densit,- values, Jl1SUre 3 indioates that measurable 
devtation does occur even at optical -denSities below 0.4. ihese 
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. 
Figure 1 and with the data presented by Urbin (61). An interest-
ing tact revealed by Figure 2 is that above a measured optioal 
density ot 0.8 there is a linear relation between K and optical 
density although the optical denSity observed tor system X 
diverges increasinglY tram the Beer-Lambert Law optical density 
(system A). 
Prom the preceding oonsideration~ it can be seen that 
the transmitted light from a piece ot tilter paper containing 
colored material i8 dependent upon the distribution at the 
material on the paper as well as upon the amount of material on 
the paper. BYen though the system chosen tor illustration is an 
arb1trary one. the qualitative oonclusions are appl1cable to any 
system in which the distr1bution ot the absorb1ng material is non 
unitorm. Knowledge ot the precise distribution would be 
necessar" tor more exact treatment ot &n1 part1cular s1tuat1on, 
and, ainoe this i8 rarely available, the most practical approach 
1s to apply the material in a reproduc1ble manner and utilize an 
experimentally determined calibration curve. 
It is with full realization ottneae conditions that the 
area under the l1poprotein curves has been related to concentra-
tion. HOwever. at no time has &nJ absolute amount ot l1poprotein 
been determined. !he only values oonsidered are ratiOS, and 
l1nce the distribution 1s approximately the same on all strips 
tor the alpha lipoproteins and tor the beta lipoproteins. this l: Uberty haa been taken. 
CBAP'l'IR III 
FRACTIONATION AND SPECTRAL CHARACTERISTICS OF st1DAN BLACK B 
!he ava1l1b1l1ty ot a pure reagent or a reagent ot 
constant composition is ot great value to any laborator,y worker. 
Quantitat1ve methods and results necessitate the us. ot such re-
agents. Betore attempting to quant1tate the method ot pre-stain-
ins lipoproteins to a point mette a certain amount ot bound dy'e 
could be related to a det1n1 te amount ot lipoprotein" a homo-
geneous dye was needed. In the past, one ot the uncontrollable 
var1ables in the field ot lipld detection, both on filter paper 
(27) and in t1saue sections (9), has been tne compoatt:1on ot the 
lipid staina. Jencks and Dl1rrum (27) 1n 1955 reported tbat 011 
Red 0 cons1sts ot at least tour ohromatographioallY 41st1not 
oolored components. '1bq obtained a chromatographicall,. homo-
geneous ma~or component by me8l18 ot column chromatograptQ- uslng 
a column packed. with alumina. Attempts to stain lipoproteins witl 
purlfled components were un1torml,. unsucceaatul. Christman and 
Trubey' (13) have shon by means ot paper chromatograpl'Q" that 
Sudan III and &1d.an IV are mult1-component 8J'stem.s. !he same 
WOrkers (60) have tractlonated. &1t1an m by me.neot a chrOmate-
sraph1c column packed with a m1xture ot equal parts aelite and 
1111010 aold and petroleum ether as the solvent. Th.e7 obtained 
ten tractlons during a t1tty..,f1ve hour development time. Upon 
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testing the ata1n1ng ablllt7 ot these tractions tor tat ln tissue 
seetlons (64)~ tit.,. reported tbat an 1Dlpur1ty, and not &1dan III 
itself, 1. the tat stain. 
flnI- qla£s!!ltomPhZ' ot §IN Bilisk B 
A prel1mlMZ7 aperiment was set up to 4etelU1ne 
whetheJl fMdan Black B waa a homoseneOU8 d7e w a m.1zture of oolor .. 
e4 oomponent.. A paper obromatopaphio 87stem was 8et up using a 
ohromatosrapbv 3ar, e18hteen inches in height and five and one 
halt inches 1l'1 diameter, nth a solvent ot oomaere1al laooct ... 
(Ph1ll1pa Petroleum COJII)8lJ7). !Wo hUnc1red 11111111'8.. Of tbe 
solvent was placed 1n the bottom ot the 3ar, the top .... oovered 
and sealed With silicone peaee. and the "'8t_ allowed to equJ.-
librate tor twentJ'-tour hours. A. spot conta1D1Da tlve l11orollterl 
ot a 500 Dl1111paa :per cent 801ut10n ot &.1.dan Black B (lib .... ') waa 
applled. two 1nches troll the bottom oE the paper, wbieh was Wba.,...j 
IWDber one" one and. one-halt lnohes 1n width. !he chrollatopams 
.ere allowed. to develop ovem18bt at room 'aperature. SiDOe at 
values weN not to be det~ 1ft thia experiment, the control 
ot t1lle and tempera"," of the run was _ not neo ••• U7. !he 
IOlvent front bad ItOved Went7-two cent1mewra, and. a1x oolore4 
'om.ponenta weN ev1dent. Ift an attempt to 180late the ata1Jd.ns 
eomponent 1n qQantlt1 •• suttlo1entlJ large to permit testing 01 
their relatIve ata1D1Da abllitle., a 88ne. 01 oolUl'lft ohJ/IoJIIato-
1ftph1e expen.enta were ~n. 
---
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eo~umn Cbrg!!ttomiBl, of 314M B;y.ok B 
Prel1m1nary column chromatographic experiments w1 th 
various solvent systems such as lsooctanes. ether, ethJl 
alcohol, acetone, and m1xturea otsome ot these, and packings 
such as alumina, cellulose. and various m1xtul'es of .. U_-el11d.4t 
aold, lndicated that a sat18tactor.y fractionation ot the ~e 
could be obtained by using a oellte-.l1lcl0 acld column packing 
With an lsooctane .olvent. 
A pyrex ohromatopaphio column with a dlameter ot two 
and one halt centimeters and a he1gb.t ot tort,. centimeters was 
used tor the fractionation of the d7e. ibe 801v_t qat_ .s 
the distll1ate ot commerclal lsoootaDea collected under 101 
degrees Centl;rade. !he oolumn waa packed wlth a miXture ot four 
parts celite analytlcal tl1ter aid (lohba-lIanv1lle ~) and 
one part s111c10 aold (100 mesh., AnalJ'tlcal Reasent). 'l!le pack-
1111 was suspended 1n the 801ve&t 1rt a beaker and added a 11ttle 
at a time to the column wb10h was unde~ continuous abald.ng 
bJ' means ot a meoha.n1cal shaker. !be paold.tJg was added, 1n ten 
portiOns. durl1l8 a two-hour penod. ot t.ilae. !be tinal height ot 
the packing wu ten cent1metere. IaooctaDe was oont1nu.all7 added. 
to the oolumn 4uring the packing and tor an hour atter the pack-
ing had been completed. 
TwentJ' milligrams ot SUdan Black B (--5) were dis-
aolYed in tittJ' mllliliters of solvent and added to the solvent 
1D the column which was at a level ot several centimeters above 
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the pack1ng: The height ot the solvent was kept at twent,'-tlve 
oentlmetere above the packing by meana ot a reservoir. 'lbe tlow 
rate was approx1mate17 sevent,' to elghtJ' m11lil1ters per hour tJ"Oll 
the bottom ot the coltmU.'l. '!he oollection data 18 g1ven 1n Table 
II. Atter ninety-s1x houra, during which t1ae tour tractions had 
been collected. the solvent .,.,tem was changed sUght17 so as to 
contain three per cent acetone b7 vol1.'U1le. ibis greatl,. increased 
the m1gration rate. ot the rema1n1ng components. 
All tract10ns were collected in 1scoctane, and about 
ninety per oent ot the solvent was removed by vacuum 418t111ation. 
'!'he remainder ot the solvent was removed by allowing a stream ot 
warm 811" to blow over the solution in an evaporat1ns 418h. !he 
contents ot the dish were then di •• olved 1n acetone and aga2n 
blown dry. 'lb.e contents were then d1ssolved and stored 1n n1netJ'-
tive per cent ethanol. 
§R!gtl!l ~teri8t&cl ot Sg4an B6tek B 
Solutions conta1n1ng three ditferent d7e 10t8 ot Sudan 
Black B~ JZb-5 and Bb...6 trom B'artmann.-Leddon OOllPtUlt'. and CZb-2 
fran the Matheson CompanJ', were made up to the same concentration 
br weight in n1net,.-t1ve per cent ethanol and analJ'Zed w1th the 
Beckman Model DU Bpectopbometer with a photomultiplier attachment. 
!he tollowinc cond1t1ona were mainta1ned in theae and all subs.· 
Qllent spectral ana17888 g1vel1 1n this thes1s. A tuns. ten lamp 
- used for all readings abOve 350 m1111m1crone and a ~drosen 




FRACTIONS OF' SUDAN BLACK 13 OBTAINED 
BY COLUl'1N CHRO;%iATOGRAPHY 
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Fraot1on Number Color ( 1n ethanol ) T1me of' oo11ectlona. 
. •• r l 
I Yellow 3 hours 1n 100 m1 
II Red 5 hours 1n 200 ml 
III Orange 10 hours 1n 800 ml 
IV Green 26 hours 1n 400 1111 
V Blue 97 hours 1n 100 m1 
VI Greenish-blue 99 hours in 300 m1 
VII Blue 103 hours 1n 100 reI 
VIII Blue 105 hours 1n 900 m1 
IX Blue 116 hours in 400 ml 
X Blaok 122 hours - eluted 
f'rom dr1ed oolumn 
a Refers to the time the run had been go1ng when 
the particular oolleot1on was begun 
. 
ment was set at position one tor read1ngs trom 600 mill1m1crons 
to 400 m1ll1m101'ODS,, at position two tram 400 mill1m1crons to 350 
m1l11DJ.1crons. and. at posit1on tour tor the rea41ngs below 350 
m1l11m1crona. POl' readings above 600 Ddll1m.1oJ'ODa the slit width 
waa kept between 0.04 and 0.06 millimeters and between 0.03 and 
0.06 1I1111metel's down to 260 m1111m1ol'01'18. below whioh the sIlt 
w1dth wall lncreased up to 0.1 1l1111meters at 240 m11l1m1Cl'OM. 
fbe phototube wall ohanged at 600 m1111m1erona and a tllter was 
used. tor all readings between 400 m1111Dl1crons and 350 m.1ll1a1-
crone. 
J1rom P1gu.re 4" It can be seen that the general shape ot 
the speotral curves tor the three d7e lot. are a1ld.lar. However, 
there appears to be a quanti tat lve dltferenoe 1n the amount ot 
lIome ot the componeDts sino. each solutlon oontaln. the aa.e 
amotmt ot dJ'e b7 we1ght. Pip". 5 to 14 rep .. aent tbe speotral 
OUl"Yes ot the ten tractions ot the dye. wMeh we" obtained rrom 
the OOlUDm chroaatograph1o uper1ment. '!he trao tlona are numbel"M. 
in order of their oolleotlon trom the column .a given 1n !able Xl. 
81nce some of these traction. wue obta1ne<1 111 quantities too 
_11 to be we1shed acou:ratell', tbe m.ethoCl of relat1DS the 00110811-
t:ratlon ot the various traotl0D8 aa siven 1n the eapt10na to the 
t1&urea 1s a8 f'ollows. !he d.7e waa pUt on the oolwm in a tlfty 
II1ll111ter solution, therefore.. it tbe partioular traotion bad 
'een dissolved in fifty milliliters ot ethanol tor storage and an 
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would be listed a8 equal to "concentratlon ot d7e on the column·. 
It the traction had been stored In one hundred milliliters ot 
ethanol and 1 t 1 dllution of this solution made betore maldng the 
sp8ctophotometr1c reading, the concentratlon would be listed as 
"0.25 times concentrat1on ot dye on the oolumnR • 
An lnteresting observation revealed by theae spectral 
curves 115 the relatively large amount ot ultravlolet absorption 
tor some ot the tractions and the relatively amall amount of 
absorption 1n the reglon ot the ultraviolet tor others, particu-
larly some ot the blue fractions. This can be seen troll !'able 
III. S1noe a Com.par1aoD ot the concentrations ot the solutlons 
on a molecular basla was impoSSible, the tol10W'1ng metbod ot 
normalization was used. The optical density ot eaoh £"netion at 
its max1mum absorption in the visible has been ad3usted to 0.400. 
and the absorption at 280 mlll1m1crons, a wave leJlgth arbitrarily 
picked, is Siven 1%1 the table. It would appear from this table, 
if' the absorption at 280 m11l1m1crons is taken to be roughl.y 
1ndicative ot benzenold absorption, that the molecular conf1sura .... 
tion of some ot these molecules 18 quite different. 
Acetylated &Ian ;alack B 
In vlew ot the complex1 ty ot the SUdan Black B dye 
II1xture .. the problem ot what was acetylated dur1ng the procedure 
described in Chapter II~ it anyth1nl# becomes ver,v diffioult to 
lbawer. Spectral curves ot the regular dye and the acety1ated 
..... a1 onlJ' a vel7 small difference. There are two obvlous 
T.<\"BLE III 51 
A COi'>iPARISON Olf~ TMb:: UL1'RAVIOI.;~:T AB50RF'l'ION 
OF 'rIm: FRACTIONS OF ;JUDAN BLACK .B 
J?raot1on Number Wave length of max1mum. Opt1cal. dens1ty 
absorpt1on 1n vis1ble impi '"- 2jiOmn 
I 315 0.770 
II 510 4.50 
III 4:50 5.45 
IV 640 3.70 
V 597 0.355 
VI 592 0.920 
VII 592 0.550 
VIII 600 0.255 
IX 600 0.590 
X 580 0.315 
-
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possibilities; 1) one of tbe minor components ..,have been 
acetylated" or 2) the acetylation procedure may have precipitated 
out an 1ntpurity. However, the possibility ot the ma30r f'ltaotion 
be1ng acetylated caunot be completely ruled out sinOe tb.e etfect 
ot acet7lation on the color ot aftJ' component ot the 4Fe cannot 
at this t1nte be ant1oipated.. 
!he staining a.b1lity ot the .uious qe tNct1onaw11l 
be discussed in the next ohapter. 
ClIAP'l'BR IV 
The problem of' detel"ll1Dlng the relatIve ata1n1ng 
abl11'y ot the various ohromatographically separated tractions of' 
SUde Blaok B resolved itself' Into the problem ot t1:nd1nS a lJlicro 
878t- 1>7 meane ot whlch the ata1n1D1 ab111qr of' tbe various colo 
ed oomponent. could be compared without lmow1ns the at.l"Uoture ot 
any ot thes. coaponenta or the weicht present 1n Ul7 solution. 
Werner and ChrIstman (64) oompared th.tat 8ta1n1bs abIlity ot tn 
tract101l8 ot o.OWI81"01&l Sudan III wh1ch had. been separated 1>7 
column chrcmatosrapnv~ H1atolo8lca1 methods on liver Ill.e. were 
employed b7 these worke%"sj boweve%", they do not make mentIon ot 
how the .ta1n1~ solu.tions were made up or how the conoentJ;'atlons 
of' the varloue 8.Olutlona were oorrelated. Jenoks and J:)uft!WD (27) 
tested the ata1n1D& abil1ty ot ohrOmatosraphioallJ separated 011 
led 0 by 1mmera1qs til tel' paper strip' contaJ.n.1nS 11poprotein 
into ataln1ns solutions ot the varloua tractiona. Ap.1n, no 
aent10n waa made ot the concentration of' the staJ.n.1nS solutions. 
However, they did report that "17 dilute sta1n1Dl solutions ot 
the tractions were used. !bey ooncluded that sinoe better stain-
1D& was obtained wIth the c0J88ro1al Oil Red. 0 used .. co~ to 
the1r standard. teclmique _ which 1Ilvol v.4 the us. of' a near-
laturated aolut101l of the d7e .. the ata1n1ng ilechan1am m.uat 
1nvolve a complex of the d)tea. If' the theOr'7 that these tat 
~ ___________________ 5_3 ______________________ _ 
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stains color lipids by dissolvina in them is correct (21) (9), 
then it would appear that the concentration or the sta1n1ng 
solution would have a det1n1te etrect on the deepness ot the 
eolor ot the stained lipid and the amount of dye that goes into 
the lipid and, henee. any conclusions based on staining solutions 
ot unknown concentration would be premature. 
An Att!!pt t9 IantUJ; the ~ 0SPl9nent of §gdan IJ.I!k D 
In an attempt to 1dent1f7 the sta1n1ng component ot 
. SUdan Black 13 by means ot spectophotometr10 uthods, an experiment 
was devised to 1801at8 tbe material actually dis.olved 1n the 
lIpoproteIn. Two mil1111ters ot dOS serum was pre-ata1ne4 with 
SUdan Blaok B aeoord1ng to the method described earller. 'Jhe pre-
stained serum was centrltuged tor twenty-t!ve minutes in a 
clinical centl"1f'uge. To nine m111111ters ot l'l1ttety-fiveper cent 
ethanol was add.ed 0.15 1I111111t8" ot pre-stained serum. A blank 
was prepand by addlrlg serum cODtain1ng no d7e to the ... amount 
Of alcohol. Both tubes were heated. to about stxty degrees Oent.l-
pade and allowed to cool and were then centrituged. An a11quot 
ot the solution conta1n:1ns tbe qe was read on the Beckman 
8peotophotometer. 'lbe speotral curve 1s given in FlauH 15, and 
oan be seen to resemble very olosely the curve tor the oommercial 
~e itselt, gi"erl it J'igu.re 4. 'fh1s was the rust 1ndicatlon that 
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A 9u!lltatm Test 2' 4th! ~\U!! §h!p1!!s AbllJ.tJ 91 ;the 
Q!'!FO!BtomPMcalll l!PIDHf !rae'1!!!_ of audfm ll:J.Hk :a 
S1Doe previous exper1meDts had shown that all tractions 
of the dye bad an 1lt or one a. determ1ned 1>7 aaoendl_ strip 
chrOmatogra~ using Whatman number one tl1ter paper and. Dine.-
tlve per cent ethanol as the solvent, 1t appeared tbat the ohange 
in Rt values tor these varlOWJ tractions as the,' were allowed to 
pass ~ 11p1ds m1sht aerve as a ta1r17 "Delttve qualitative 
test of ata1rtt.ns. Pi" micro litera of dog serum was applied 8S 
a thin streak tour oent1metera tJ.toDt the bottom of a •• r1e. of 
tl1 ter paper strip.. A apot or the partloulu d,Je hutioll to be 
studied was put two and one-balt oentiMte" tram the bottom ot 
tlte paper. Aaoend1Dg atrlp ehJtomatopeaptQ' was oa.rried. out With 
n1net,-t1ve per oent et!umol aa the solvent. 'lbe troIlt .... 
allowed to 110ft tour centimet ... put tbe po1Dt of the appl1oatl0 
ot the 4J'e. All the tNot1ou bad an Itt ftlue ot lea. than one 
under the.. oonditions, and th.,. all aaaeare4 upon pa8.1nI thJ.ltOu.gh 
the serum 80 that tbe IId.ptant whioh ... app11ed a. a spot, appe 
ed as a streak tJtom the ael"U1ft. to some point below the solvent 
front. !h.18 would seem. to 1nd1oate that all fractions of the 
tVe had !Jlteracted w1 til the serum to SOlIe extent. A 81m11ar 
exper1mfmt was cawled. out With the qe traotions ugra:t1ng 
through a streak of a ld.xture of' bonne pla_ album1n and bovine 
plasma zamma globulin. UDder thea. oondltlons all of' the trac ... 
tiona of' the d7e exh1bl ted an ot one. 
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The phenomenon ot all tractions ot the d,.. having tat 
stain1ng abill t1' waB un unexpected OO(n.lrence. Tbe problem now 
was to c1ete1'D11ne which traotlon had the greatestatt1n1t,' tor 
lipids '" 'fhe 878tem employed tor tbe sen.s ot exper1aenta 
described above would bave proven satisfactory tor this 11 there 
had been a suitable method to detena1ne how .. en or _ell traotlon 
bad been applied to the fllter papal' strips. 
6D Att!!2t to 1tI!i!l'!!!1M at Rfl,Ativ" $tN.th, et tb! At'~b: 
ot the Y'U&OU! PD ha$!t!S!M tOE! Uli!! 
ten aliquots ot a solution ot leoithin in ehlorotorm 
were placed 1n small test tubes.. To each tube was a4ded an 
aliquot of one ot the 47. tractlona. The quantities obo_n were 
ot web masn1tude that the leolth1n was PJllft#NJll8d al'W'a78 to be in 
large exce.s. !be dy'e-leoithln solutions weN allowed to atan4 
until the chlorotorm had evaporated. The m1Xturea were then "-
418801 ved. 1n chlo1"Otom and aliquot. ot tbe.. solutions spotted 
on tilter paper strips prior to under;o1J18 •••• nc'u.ng-stnp 
ohromatosra~ '" !he 80lvent q.t_ was e18h't7 per cent acetone 
and twenty per cent water", In each cu. the solvent front was 
allowed to move 5.0 centiMeters past tn. point of applioation ot 
the migrant. !he l'lUIlbera given 111 Table IV represent the dis-
tances that the dye tractions JIOved trom the poat· ot oJ-1gb .. 
S1110. lec1th1n 18 1n8oluble in acetone, the llOVement of lec1tb.1n 
11'1 th1s system waa negligible. 'lbe dye that moved the peateat 
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conversely', the dye that Nma1ne4 1n the lec1thin to the greatest 
degree would appear to have a atl'Ongel' att1n1t,. tor the lipid. 
From the data 1n thts table 1 t can be seen that under theae oon-
ditions traction IV haa the Itronseat att1n1t,- tor the lecithin. 
Fraot1on IV 18 on17 a veq m.1nor ooneti tuent at the OOllllDel'C1a1 
dye. Of the maJor tractioM ot the dye, traotion V, a blue 
componcmt, ahowa the strongest at:t1n1tJ' tor the leolth1n. 
S!!U!SI2D 
It appears that all tractions ot the COJIIIlero1al d7e 
SW1an Black B have an att1rl1 ty to'!! aerum 11POPJ'Ote1Da, and are 
specUic 1n that tbe7 have no apparent att1n.1ty tor .erum prote 
While some indioation ot the strength ot this af.t1n1tJ' can be 
obtained by the technique deacribed 1n this ohapter, at the 
present It would be extremely diffIcult to obta,1n data that 
would sboW 1n a more precise ma.nner which fractions rill 00101" 
lipoproteins the moat deep1.7. '1'he technique 4eaol'1'be4 in 'tb18 
chapter tor the deter.m1nat10n ot the atfin1ties ot varioua drea 
tor l1poproteins represents a step torward 1n an attempt to 
. quantitate the ata:1n1ng abUttle. ot various d;Jes.. Pu.rtb.er im-
provement on quantitating the sta1n1ng abll1t,' ot the variou. 
traot1cna ot SUdan Black B must awa.1 t the i801at10n of luger 
quant1t1e. ot the dve o~.nt8 and the 1dentitication ot the 




A COMPARISOlf OF TBB ALPHA-I, RAftO r;" THI SDtDt JIROM 
NoaMAL SU'BJBC'l'S WITH THAT og PAftBIIft WITH RHIrJ1UTIC J'BV'BR 
It bas been shown (62) (63) that attaoks of rheumatio 
fever oocur shortly atter intectlon b7 croup A beta hemo1Jt10 
streptoooo.o1. Of: the two hemolJ'l1na proc1Uoed. b7 tb1e orpn1_~ 
atrepto17s1n S 18 apparentlJ respons1ble tor rheumatl0 teve •• 
When the serum iDh1bi tOI' of streptolJ'81n S 18 veZ7 weak, the serum 
phospholipids aN low. Marbaoh (38) bas proposed. that t1'le alpha-
I, ratio, whieh 1181 be defined as the total area under the 11po-
prote1D cUI'Ves d.lvlded by the area under the alpha Upoprote1n 
curve of serum wh1ch baa been lol'lOpa;ph.1eal17 t'l'utl0Dated and 
the ionosrams scaMed wlth the automatic aoarm.1ns devl.e, IIIa7 
serve .a a relatlve17 sensit1ve index ot dlaturbaDo •• 1n lipid 
aetabolla, and mq. theretore, be related 1n aome Mm\8r to the 
degree ot severity of rheumatio rever. He atated that 81noe 1t 
haa been bell."ed that phcapbo11p14a ue necesBal7 tor the oonver-
81.01) of lipid, and beta 11.poproteins 1nto alpha 11poprote1na, a 
serum 10. 1n 1nh1b1tor ot streptolYsin S 'WOuld. a180 be low 1n 
alpha 11poproteln. Jfe haa presented data which would .. em to 
ahow that the" m1ght be a trend toward a h1aher alpha-I, ratl0 in 
persona nth aoute rheumatic fever. lfowevel"_ a8 be pointed out, 
hl. lnv.at1ptlOll8 were oarried out em a v817 aaall number of 
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patlents allCl" betore tm1 ooncluaicma could be dl'aWll, ra&l17 more 
4eterm1natlcma would have to be rtm. In an atteapt to explore 
thia po.dbl_ alteration on lipoprotein 1_".1., the tollow1Dg 
lnvest1gation waa undertaken. 
samples ot blood tram ohildren with &OUt. rhewu.t10 
rever and aam.pl •• ot blood troll normal ch11clNn ... reoelyed trom 
lARab1da 8aDitariUll, Chicago. at various 1nt .... al.. Aa tu .. i. 
lmotm all bloo4 was dn.lm 11'1 the blO~ tollow-be all overrd.pt 
t.st" and centrttupd on a c11ft1oal oentrUup ."'17 atter 
olotting. '.lb. saplesl weft obtained trom the patlent. .. soon as 
.<' 
po.sible attar admisslon to the hospital. 10 blood was drawn tram 
patIents well on the ".,. to NOO.827. 
'!he ael'Utll was trut1onaM4 ionoanpb1eal17 __ alte!" it 
bad been recelved trom the hoapttal. !be ocmd1tloaa un4er Which 
the sepantions "ere oarried out were &s tollows: t.,..tuN ot 
twent7-t1ve 4.pees Cent1gnde, veJlOnal butter ot pH 8.6 aD4 101'l10 
stMrcth 0.05. !he ecaul11bratl<m t1M was one aDd. OM halt bours. 
1be t1Dle ot eaoh run was three and one halt houn with a potential 
gradIent or 81% to elght volta per centlaeter. 1'1".. 1I10l'Ol1te1'8 
ot S8rum waa applied to each strip ot Whatman Jl\.ulber one tllter 
paper, one-halt inch in width. u a tbin atreak b7 ateaM of 
1l10roplpette • 
18100d. samples drawn Ul'lder the aupel"Vla1on ot Dr. 
Joseph It. Cb.r1at1ant _ DepartMnt ot ped1atI'1e., atrltob. School ot Medicine. Obioaco, Xl11noia. 
'I 
U\V the aepuatlona ba4 Men ,.t.--4. the l0a0pau 
.... drled .Ul an overt at OM huDtb.\Id ....... oerat1pade, Ud 
at0N4 tfW la'el' ata1rd.lt&. All 1~. except ~ with ~ 
ata1nld. UpoprOte.tu, ... eta1nld. at ime ... tiM, 1D ...... 
batll, tollowUl& theaao41t1oat:1_ or the -tbod, ot IIUbaob MIlt1on-
ed 11'1 Chaptu- II. ua1DB aoet71ate4 St.adaa Bl.uk B. 1ft the 0.... or 
thfJ MIWa Wb10h bad bee PN .. ta1nId., an aUfI\lOt ot Cbe ....,18 was 
takea t. the pre-ata1al_ aDd tbe aepeft'1ea ...... out 1D the 
__ wn w1~ tho .. to .. ata1ae4 la_I', but .. Utt ... , ab1ps. 
The p ..... tasmAl ~ •• a,iV8ft 1ft Chapt.1' II _ t.llowecl, 
wlth the exoeptloa tat the alooholl0 IOluit_ ot uw __ ... lett 
1ft the •• J.IUJI t. th1J1tJ'lI1m1tH betore ."apo .. t1_ .• 
All lcmopama ... aeaDMd oft the .--'Uo aeanrdD8 
NOord_ wltb1D two b.cN.'n atte tb.e ata1rd._ dDM tibe .,.tMI'U 
ba4 bMa ob ..... to t .. wltll tIM upon OV8ftd.Ibt 8XpOIIUe to. a1Jf 
A prel11d.nU7 1Jwqttp'1oD baa IhowD Utat br IIpNJ1rc the ata1M4 
ItriP8 with a 801ut1oa ot polJ'v1Dl'1PJ1'l'0114oDe w.a tMina 18 
l'e4uoed. Rowevez-, tbe _ra1 de or thi8 _th.04 t •• ,.......1DI 
10J10paJU .at anlt ~.tw.t7. 1M alpha-I, ,..*1oa ... their 
___ dev!atlon obta1nld. b7 the .. thod above t .. ....... hoIa 
lao..l patln'8 and t .. patient. with rbeumatl0 t .... ,. 
-"'.U'1n4 1ft !'able v. .. I'&t10 18 the avvase otYll'uea 
~ 'b7 aoanalas dupl1oa. l0ft08NU .. 
I'l"OIl table V 1t MIl be .... that .. alpha-I, _tto 1. 
~I~" IIPlI'Qd 011" _ .. tit tile l1li.-1 ....... tor tile ..... hOII 
.... 
!1'ABUI V 
ALPHA-L RATIO POll IORIW. 8BfttJM AD ,Oll IlDWM 
FltOM lA'J.'lDfS WITlllUllOMAftC nna 
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Ca..e ... .... ( Al1lba - L PAtio 
1 2.1 t. 0.1 
2 3.4 1: 0.1 
3 3.0 :t 0.1 
4. 2.1 .! 0.1 
4b 2.5 = 0.2 
5 2.6 !. 0.1 
6 3.5 : 0.1 
7 a.8 !. 0.1 
8 ,.1 :. 0.1 
9 2.4 ~ 0.1 
10 2.2 '!: 0.2 
11 2.1 =- 0.2 
R1a 2.9.t 0.1 
JIlb 2.7 ±: 0.1 
... 3.1 ±. 0.1 
N2b 3.7 ~ 0.1 
I3a 4.6 ± 0.2 
lab 4.4 :!. 0.1 
114. 2.9 ~ 0.1 
Jl4b 3.0 ~ 0.2 
b In<l1eate. an aliquot of •• 1"Wt1 "a" pre-stained 
N Ind10ates aerum. trora nOrmal subjects 
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patient. with aoute rheumati0 rever. From the data presented 
here, it would appear that theN 18 nc a1p1t1oant cUttereDO. 1n 
the value of the alpha-L ratio, tor noaal oh114zten ud thoa. 
suffer.!._ troa aout. rheumatio rever. 
CHAPTBR VI 
Id.nt&t,e!t~2P ot L&RoeretetBI 
A new method tor staining 88l'WI. UpoproteiM pnor to 
1onograpbic fractionation baa been de.onbecl. B.v thia new prooe-
dure" the lipoprote1n8 are pre-stained 41reot17 1ri the blood •• rum 
sample b7 meana of the specifio tat atain.. SudaD Black B. tb1a 
new method haa the advantage. of being rapid, wheN •• the other 
methods are fairly time co118Wld1lS, and of pJ'OduoiDC oolored acmea 
against a white baelqptouDd., whereas lonosrame .tal .. b7 tbe 
1mmenlon tecbn1que. all exhibited tbe ooloNel bukpou.nd, tbU8 
aev8r17 ~l"1na direet photoaetrlo evaluat10D ot the lonocrau. 
APRUslb~~'U or ,sa. 1!!1'-Je\t11 it- t2 JtaijlrHIl 2D r&l1;.£ 
P!R!£ Dr&a-
... aureraent. bave been oaxT1ed out on Swlaa Black B 
app11ed to tl1ter paper strip. which have Ibown that. the .,.tem 
did not t9110\1' tbe Beer-1aIlbert Law, except at vU7 low optloal 
dena1tl... !kper1ment. bay. bee eUTted out 1n an attempt to 
t1nd the caus. ot thi. divers ... e, aDd ".81'&1 source. have Men 
ruled. out .a cau.e. ot deviation trom the law. A theoNtlcal 
approach to the probl_ baa been pre.ente4 end 1t baa been Ihown 
that the l1gbt tranam1tte4 through a pie.e ot t11ter papel' oontaln", 
ins oolored matenal 1s dependent upon the distribution of tbe 
.. ter1al on the paper as well as on the ooncentntion ot the 
ab80rb1ns .peeie •• 
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&1dan JP.!!k ! 
SUdan Black B ba. been traetlonated. by means ot oolumn 
ohromatograp~ lnto ten oomponent., allot wbloh have been shown 
to have some sta1n1ng ability tor llp1d oonta1n1nl aubatanoes. A 
new method tor teatifts tbe att1n1t7 ot dJea tor lipid material 
empl071ns the tecmuque ot paper chroJaatOIft,pilJ' baa been presented 
The "lat1ve affinities ot the ten ohl"outosraphieallJ'-aeparated 
tractloDa ot SUdan Blaok B tor a lipid bave be_ cleteftd.ned 
empl~J'1nI thi. method. 
Dilt.NDt dye lota or Sudan Black B have been au'Ded 
apeotophotometerieall,., and have been Shown to dUtw oou1derab17 
in their absoJiptlon at 600 m11l1m1ol'On., the waft lensth ot 
maxJ.mum absorption. In view ot this tact, all report. !nvolviDg 
Sudan Sluk B should :1nclude the nwrt.ber ot the qe lot. 
Lilid 1l,!9£bfB!e. in 'ati"ts With Aeut~.Rh!U!ltlo l!!1E 
On the 'baaia ot _.Uer reports that the pboapho-
I1p1dcontentot blood tram patients With acute rbeumatl0 rever was 
low, the alpba-L ratio, whioh .., be detlned .. a the ratio ot total 
serum 11popPOtelna to serum alpa l1poPl'Oteln1, was determ1Ded tor 
a ~ber ot a.rum nmple8 .. aome ot whlch were drum tJIOII patients 
with acute rheumatiC rever and otherl trom. normal aub.1eota in the 
same ... &rOUP. J'rom the data presented, theN 18 no obvioua 
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'l'H::: R:~l N£ION J3:::':'l'liE~ OPT ICAt Dli:N:'3ITY AND CONCENTRA'rION 
[<'OR A HOMOGE:N.iWUS ~;lYf,n~ AND FOR A HETEROGENEOUS SYSl'i.:M 
K Optioal density 
Heterof-)eneoue Homogeneous 
0.002 0.013 0.014 
0.004 0.026 0.028 
0.006 0.040 0.042 
0.010 0.068 0.070 
0.020 0.130 0.140 
0.030 0.196 0.210 
0.050 0.305 0.350 
0.080 0.455 0.560 
0.100 0.533 0.700 
0.200 0.799 1.40 
0.300 0.897 2.10 
0.400 0.100 2.80 
0.500 1.10 3.50 
0.600 1.20 4.20 
0.700 1.30 4.90 
0.800 1.40 5.60 
0.900 1.50 6.30 
TABLE VIII 70 
THE ABSORPTIO~l SPECTRA OF THREE DIl''FERENT 
DY:ii; LOTS or:' SUDAN BLACK B 
Wave length (mu) Opt1cal Dens1ty 
Lot No. NZb-5 NZ9.Q CZb-g 
. ... . 
900 0.002 0.00, 0.00, 
800 0.004 0.006 0.006 
750 0.018 0.015 0.020 
100 0.087 0.068 0.091 
675 0.173 
650 0.285 0.218 0.'12 
625 0.373 0.287 0.395 
510 0.400 0.309 0.418 
605 0.406 0.312 0.441 
600 0.408 0.314 0.447 
595 O.4CJT 0.314 0.447 
590 0.404 0.312 0.446 
580 0.302 0.415 
575 0.382 
560 0.269 0.377 
550 0.'15 
540 0.224 0.310 
525 0.240 
520 0.184 0,245 




TABLE VIII (oontinued) 71 
Wave length (~) 
Lot No. rZl) Opt1oal ~~al tl N-5 NZ OZb-2 
480 0.167 0.140 0.18a 
470 0.164 0 .. 140 0.181 
460 0.172 0,.143 0.18a 
450 0.182 0.149 0.196 
440 0.159 0.207 
430 0.202 0.168 0.220 
420 0.176 0.227 
415 0.208 
410 0.210 0.181 0.228 
400 0.204 0.184- 0.223' 
395 0.200 
390 0.180 0.208 
380 0.181 0.181 0.199 
370 0.192 0.194 0.204 
360 0.200 0.204 0.214 
350 0.201 0.206 0.214 
340 0.202 0.201 0.214 
330 0.223 0.211 0.230 
320 0.256 0.235 0.272 
310 0.287 0.252 0.305 
300 0.)00 0.260 0.316 
290 0.312 0.267 0.325 
280 0.315 0.275 0.330 
210 0.307 0.271 0.321 
TABLl~ VIII (oontinued) 72 
Wave length .(111)1) Optlcal Denslty 
$I , 1 • 4 . 
LO,t No. N&b .... S N~b-o .. 0~b-2 
260 0.315 0.285 0.,,4 
250 0.350 0.330 0.'370 
21+0 0.428 0.430 0.452 
230 0.580 0.565 0.020 
225 0.705 
220 0.140 0.880 
ItAi31;~: IX: 
"3 1m: A;:j 'ORr'I'I0r ).P>~CTRA OF FIVE FRACTIONS 
OF SUDAN BLACK 8 
\vava length (m}J ) Optical Density 
Fraotion No.1 II IXI IV V 
90d 0.002 0.002 0.002 0.003 0.001 
800 0.002 0.002 0.002 0.003 0.002 
750 0.002 0.001 0.002 0.003 0.003 
700 0.002 0.001 0.002 0.017 0.032 
575 0.004 0.005 0.059 0.102 
650 0.002 0.007 0.009 0.145 0.240 
630 0.013 0.015 0.152 
625 0.362 
620 0.002 
610 0.029 0.023 0.155 0.406 
605 0.413 
600 0.002 0.041 0.027 0.161 0.420 
595 0.050 0.032 0.161 0.422 
590 0.056 0.033 0.157 0.420 
585 0.066 0.035 0.148 
580 0.407 
575 0.004 0.084 0.042 0.130 
560 0.108 0.052 0.110 0.350 
550 0.005 0.122 0.057 0.100 
540 0.132 0.065 0.oe9 0.268 
TABLE IX (oontinued) 74 
Wave length (Illlol) Optioal Dens1ty 
Fraction No. I II III IV V 
530 0.142 0.074 0.073 
525 0.147 0.079 0.073 
520 0.012 0.150 0.085 0.070 0.195 
510 0.155 0.099 0.066 
500 0.021 0.130 0.111 0.062 0.147 
490 0.144 0.124 0.061 0.132 
485 0.128 
480 0.032 0.137 0.133 0.062 0.125 
415 0.123 
470 0.126 0.141 0.063 0.124 
465 0.128 
460 0.042 0.116 0.147 0.068 0.129 
450 0.110 0.155 0.077 0.143 
440 0.050 0.10'7 0.159 0.089 0.160 
430 0.113 0.164 0.103 0.175 
425 0.121 0.163 0.110 0.185 
420 0.101 0.131 0.163 0.117 0.189 
415 0.193 
410 0.197 0.153 0.165 0.128 0.194 
405 0.262 
400 0.320 0.178 0.174 0.136 0.185 
395 0.380 




TABLE IX (oontinued) 75 
Wave length (In).\) Optioal Density 
Fraction No. I II II! lY V 
380 0.520 0.210 0.224 0.141 0.143 
375 0.538 0.136 
370 0.541 0.224 0.265 0.147 0.135 
365 0.532 0.137 
360 0.516 0.247 0.349 0.163 0.145 
355 0.158 
350 0.470 0.286 0.475 0.192 0.168 
345 0.177 
340 0.428 0.365 0.688 0.241 0.185 
335 0.195 
330 0.413 0.490 1.05 0.324 0.206 
325 0.423 0.223 
320 0.442 0.613 1.47 0.438 
315 0.268 
310 0.540 0.818 1.17 0.652 
305 0.298 
300 0.750 1.20 1.50 1.01 
295 
290 0.900 1.51 1.35 1.28 0.350 
285 0.369 
280 1.04 1.72 1.25 1.49 0.373 
275 0.371 
TABLE IX (cont1nued) 16 
Wave length (mll) Opt1cal Dens1ty 
V Frac"t1on No. I II III IV 
270 1.23 1.84 1.20 1.65 0.364 
265 0.359 
260 1.47 2.48 2.22 0.360 
255 1.45 0.365 
250 1.37 0.376 
245 1.37 
240 1.59 0.449 
235 2.00 
230 2.25 0.592 
TABLE X 
77 
THE A3:10RPTION ·::jpi:;Cn\A OF FIVE: ?l:i.ACTIONS 
OF '.mDAN BlAG¥. B 
Wave length (mu) Optical Density 
Fraction No. VI VII VIII IX X 
900 0.001 0 .• 002 0,.001 0.002 0.006 
800 0.002 0.004- O.OOr5 0,.002 0.017 
750 0.007 0.012 0.01'7 0.012 0.038 
700 0.042 0.068 C.I04 0.058 0.115 
675 0.107 0.147 0.200 0.113 0.192 
650 0.207 0.247 0.318 0.180 0.286 
630 0.283 0.313 0.221 
625 0.401 0.356 
620 0.311 0.336 0.235 
610 0.330 0.351 0.427 0.244 0.385 
605 0.429 0.392 
600 0.336 0.358 O~AjO 0.245 0.398 
595 0.339 0.362 0.428 0.245 0.402 
590 0.339 0.362 0.422 0.242 0.404 
585 0.337 0.361 0.239 
580 0.408 0.408 
575 0.324 0.356 0.229 
570 0.382 0.406 
560 0.296 0.340 0.352 0.205 o .1tOO 
540 0.251 0.308 0.282 0.171 0.382 
520 0.216 0.271 0.216 0.139 0.366 
TABLE X (continued) 78 
'ilave length ( mJ,l ) 
Fraction No. VI VII VIII IX X 
500 0.202 0.236 0.162 1.114- 0.360 
490 0.204 0.224 0.152 0.107 0,.354 
485 0.147 0.354-
480 0.209 0.217 0.147 0.104 0.'51 
475 0.142 0.359 
470 0.216 0.210 0.142 0.103 0.364 
465 0.144 0.368 
460 0.229 0.211 0.145 0.107 0.372 
450 0.224 0.215 0.151 0.114 0.392 
440 o .2{)O 0.211 0.166 0.117 0.410 
430 0.278 0.223 0.170 0.122 0.428 
425 0.17' 0.438 
420 0.301 0.227 0.170 0.125 0.449 
415 0.168 0.462 
410 0.323 0.229 0.16'4 0.123 0.468 
405 0.15'8 0.474 
400 0.335 0.223 0.150 0.117 0.472 
390 0.337 0.213 0.129 O.lOa 0.492 
380 0.334 0.206 0.118 0.104 0.520 
375 O.iJ.7 0.5'.0 
370 0.335 0.209 0.124 0.107 0.:;00 
365 0.340 0.217 0.132 0.112 0.575 





'fABLE X ( cont1nued ) 
length ( mll ) 79 Wave 
I<~raa.t1on No. VI VII VIII IX X 
355 0.350 0.217 0.128 0.111 0.585 
350 0.349 0.211 0.125 0.113 0.580 
34') 0.348 0.220 0.124 0.115 0.574 
340 0.354 0.:226 0.126 0.133 0.574 
335 0.365 0.237 0.137 0.134 0.580 
330 0.380 0.252 0.154 0.150 0.590 
325 0.402 0.274 0.177 0.169 0.605 
315 0.'+59 0.323 O.a23 0.2.12 0.654 
305 0.548 0.379 0.25' 0.261 0.710 
295 0.264- 0.768 
290 0.709 0.458 0.272 0.325 0.790 
285 0.277 0.820 
280 0.788 0.504 0.278 0.362 0.838 
275 0.275 
270 0.273 0.847 
265 0.279 
2bO 0.900 0.570 0.292 0.418 0.890 
255 0.30''{ 
250 0.315 1.05 
240 1.30 0.768 0.349 0.582 1.36 
230 1.90 1.14 0.525 0.900 
TABLE XI 80 
ABSORPl'ION SPECTRA OF SUDAN BLAac B EXTRACTED PROM SERUM 























TABLE XI(conttnued) 81 




































































































TABLE XII (oontinued) 84 
Wave length '<Dl}J) 
SUdM Bla.ck B 
Optioal Density 
Acet:vlated t")udan Bla.ok B 
450 0.182 0.196 
1}3Q 0 .. 202 0.222 
415 0.208 0.234 
410 0.210 0.235 
405 0.208 0.233 
400 0.204 0.229 
395 0.200 0.225 
385 0.190 0.213 
380 0.181 0.210 
375 0.164 0.208 
370 0.189 0.214-
365 0.191 0.222 
360 0.191 0.230 
362 0.197 0.231 
358 0.198 0.231 
355 0.197 0.230 
354 0.191 0.229 
352 0.198 0.228 
350 0.198 0.228 
}48 0.191 0.227 
346 0.197 0.221 
344 0.191 0.227 
340 0.199 0.229 
335 0.206 0.239 
TABLE XII (oont1nued) 85 
Wa.ve length .(m),l) Optioal Dens1ty . 
.. . II: II • I 
;)~dan Ala.e}! a Acetylated Sudan Black B 
330 0.220 0.254 
325 0.236 0.274 
320 0.256 0.298 
315 0.276 0.321 
310 0.287 0.'35 
305 0,,296 0.345 
:500 0.300 0.351 
295 0.304 0.'65 
290 0.312 0.364 
285 0.316 0.'367 
280 0.315 0.365 
275 0.312 0.363 
270 0.)07 0.358 
265 0.306 0.359 
262 0.311 0.364 
260 0.315 0.367 
255 0.,,0 0.385 
250 0.350 0.405 
245 o.,ao 0.440 
. 
240 0.428 0.490 
235 0.492 0.5:>2 
230 0.580 0.660 
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